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Introduction
Drought stress severely affects plant growth and crop productivity. 1 Drought stress induces an extensive transcriptional reprogramming in plants, which involves ABA-dependent and ABA-independent pathways. 2, 3 Eventually, drought induces the accumulation of different osmolytes, like sugars, proline and polyamines (PAs), to cope with dehydration conditions. [4] [5] [6] Polyamines (PAs) are small aliphatic amines implicated in a wide range of environmental stresses. [7] [8] [9] Remarkably, drought stress induces changes in PA titers, which broadly correlate with drought resistance traits. 8, 10, 11 Putrescine (Put), spermidine (Spd) and spermine (Spm) are the most abundant PAs and are all derived from arginine or ornithine. The ornithine pathway is constituted by a single gene (ODC; EC 41117),
In this work, we have studied the transcriptional profiles of polyamine biosynthetic genes and analyzed polyamine metabolic fluxes during a gradual drought acclimation response in Arabidopsis thaliana and the resurrection plant Craterostigma plantagineum. The analysis of free putrescine, spermidine and spermine titers in arabidopsis arginine decarboxylase (adc1-3, adc2-3), spermidine synthase (spds1-2, spds2-3) and spermine synthase (spms-2) mutants during drought stress, combined with the quantitative expression of the entire polyamine biosynthetic pathway in the wild-type, has revealed a strong metabolic canalization of putrescine to spermine induced by drought. Such canalization requires spermidine synthase 1 (SPDS1) and spermine synthase (SPMS) activities and, intriguingly, does not lead to spermine accumulation but to a progressive reduction in spermidine and spermine pools in the wild-type. Our results suggest the participation of the polyamine back-conversion pathway during the drought stress response rather than the terminal catabolism of spermine. The putrescine to spermine canalization coupled to the spermine to putrescine back-conversion confers an effective polyamine recycling-loop during drought acclimation. Putrescine to spermine canalization has also been revealed in the desiccation tolerant plant C. plantagineum, which conversely to arabidopsis, accumulates high spermine levels which associate with drought tolerance. Our results provide a new insight to the polyamine homeostasis mechanisms during drought stress acclimation in arabidopsis and resurrection plants. 
Results
Transcriptional profiles of PA biosynthesis genes under drought stress. In this work, we have exposed A. thaliana plants to progressive drought stress acclimation by withholding water for several days. The expression of ADC1, ADC2, SPDS1, SPDS2, SPMS, ACL5, SAMDC1 and SAMDC2 has been analyzed after 0, 2, 4 and 6 days of water deficit. The expression of droughtinducible genes RD29A and RD22 was used as control to monitor the stress conditions. As shown in Figure 1 , the expression of RD29A and RD22 increased after two days of drought treatment, suggesting that increased ABA levels, to which RD29A and RD22 respond, has already occurred at the first time point of analysis. 2, 25 A second but more moderate increase in RD29A and RD22 expression was observed after 6 days of treatment. As shown in Figure 1 , the expression of ADC1, ADC2, SPDS1, SPDS2, SPMS and SAMDC1 increased during the drought exposure and showed similar kinetics to ABA-inducible RD29A and RD22 genes (Fig. 1) . Among all genes analyzed, ADC2 exhibited the highest increase in expression (10-fold after 6 days). Only two of the eight PA biosynthetic genes analyzed (ACL5 and SAMDC2) were different from RD29A/RD22 expression kinetics. The expression of ACL5, which synthesizes thermospermine (tSpm) from Spd, 26,27 increased 6-fold after 2 and 4 days and dropped to basal levels after 6 days of treatment. A significant repression in SAMDC2 expression was also observed after 2 days of treatment, followed by a continuous increase up to 1.5-fold on day 6. Overall, these results indicate that most of the PA biosynthetic genes follow significant increases in expression and similar expression kinetics under the imposed drought conditions, similarly to the drought-responsive RD29A and RD22 genes. Our results are consistent with an involvement of ABA signaling in the transcriptional regulation of PA biosynthesis under a gradual drought acclimation response (Fig. 1) , which was also previously reported for plants exposed to more severe drought stress.
28
PA levels in PA-biosynthetic mutants under drought stress. adc1-3 and adc2-3 mutants were previously characterized in reference 29. In this work, we have characterized new SPDS1, SPDS2 and SPMS mutant alleles in the Arabidopsis accession Col-0 (spds1-2, spds2-3 and spms-2), which were isolated from the Cologne collection of T-DNA insertion lines. 30 T-DNA insertions were found in exons 6, 1 and 5 of SPDS1, SPDS2 and SPMS, respectively, which lead to a strongly attenuated expression of their respective transcripts (Sup. Fig. 1 ). These PA biosynthetic mutants and wild-type plants were used to analyze the free Put, Spd and Spm levels after 0, 2, 4, 6, 10 and 16 days of drought treatment (Fig. 2) . The Put levels increased by 1.8-fold after 2 days of drought stress in wild-type plants. This observation is consistent with previous reports showing that Put accumulation occurs under drought stress. 7, 10 Remarkably, much higher Put levels were observed after 2 and 6 days in the spds1-2 mutant compared to the wild-type. SPDS1 encodes one of the two Arabidopsis SPDS genes (SPDS1 and SPDS2), which utilizes Put as precursor of Spd, in an enzymatic reaction which incorporates an aminopropyl moiety derived from dcSAM to Put. The accumulation of the precursor (Put) in spds1-2 mutant suggests SAM decarboxylase (SAMDC; EC 4.1.1.50). 15 The Arabidopsis genome carries two genes coding for SPDS (SPDS1, SPDS2), one SPMS (SPMS) and at least four SAMDCs (SAMDC1-4). 16, 17 The aminopropyl transferases SPDS1, SPDS2 and SPMS are constituted in a macromolecular protein complex, which is predicted to aid an effective substrate channeling preventing the loss of PA intermediates, reducing the transit time between active sites of aminopropyl transferases in consecutive reactions, and avoiding substrate competition with other enzymatic reactions. 16 However, so far there is no evidence for an effective Put to Spm canalization during stress responses in plants. The homeostasis of PAs depends not only on their biosynthesis, but also on terminal catabolism and back-conversion of higher molecular weight PAs to their precursors. Put and other diamines are substrates of diamine oxidases (DAO; EC 1436), whereas tri-and tetra-amines, like Spd and Spm, are substrates of polyamine oxidases (PAO; EC 1.5.3.3). 7 DAOs catalyze the oxidation of Put and cadaverine to 4-aminobutanal and ammonia, releasing H 2 O 2 in the reaction. 18 There are at least 12 DAOlike genes in the Arabidopsis genome, but only ATAO1 has been so far characterized. 19 A number of plant PAOs are involved in the terminal catabolism of Spd and Spm, producing 1,5-diazabicyclononane, 1,3-diaminopropane and H 2 O 2 . One of the best characterized PAOs from this class is a maize PAO (ZmPAO). 18 A second group of PAOs resemble the mammalian Spm oxidases (SMO; EC 1533), which catalyze the back-conversion of Spm to Spd. 20, 21 The Arabidopsis genome carries at least four genes encoding PAOs (AtPAO1-4). AtPAO1 and AtPAO4 catalyze the back-conversion of Spm to Spd, but conversely to mammalian SMO, they show strong preference for non-acetylated PAs. 21 Also, AtPAO1 and AtPAO4 show differential substrate affinities. Hence, AtPAO1 shows strong substrate preference to Spm, whereas AtPAO4 has higher affinity to recognize thermospermine (tSpm) and norspermine. 22 AtPAO2 and AtPAO3 are both involved in back-conversion reactions from Spm to Spd, and then to Put. 20, 22 Coupling PA biosynthesis with PA backconversion would complete a full PA recycling-loop.
To gain insight to the transcriptional and posttranscriptional regulation of PA biosynthesis under a gradual drought acclimation response, we have studied the levels of free Put, Spd and Spm in adc1-3, adc2-3, spds1-2, spds2-3 and spms-2 mutants and wild-type Arabidopsis plants exposed to a progressive drought stress, and compared to the expression profiles of the entire PA biosynthetic pathway. Accumulation of PAs used as precursors of higher molecular weight PAs and changes in the products of their corresponding enzymatic reactions has allowed the identification of a Put to Spm metabolic canalization in response to drought. A number of drought tolerant species have been used for studying the molecular basis of desiccation tolerance, including the South African resurrection plant Craterostigma plantagineum as the best characterized example. 23, 24 In this work, we have also analyzed the PA profiles of C. plantagineum in response to drought stress and compared them to those found in the desiccation intolerant species A. thaliana. Overall, our data provide an insight to the PA metabolism fluxes occurring during drought.
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exclude that the distribution of Put in different tissues may differ between adc1-3, adc2-3 and wild-type plants.
The levels of Spd and Spm were also analyzed in all PA biosynthetic mutants. Although SPDS1 and SPDS2 transcription is increased during drought acclimation, we detected a general trend of decreased Spd and Spm titers. Interestingly, we found a significant increase in Spd concentration in the spms-2 mutant after 2 and 6 days of drought treatment compared to wild-type. Remarkably, the two peaks for Spd content overlapped with the higher ADC1, ADC2 and SPDS1 expression levels ( Figs. 1 and 2) .
The accumulation of Spd in spms-2 mutant is consistent with SPMS mediated conversion of Spd to Spm. Nevertheless, drought stress does not lead to Spm accumulation in the wildtype. In addition, the spms-2 mutant showed a dramatic reduction in the product of its enzymatic reaction (Spm) consistent with the absence of gene redundancy for Spm biosynthesis. 16, 26, 27 Overall, we conclude that a metabolic canalization from Put to Spm occurs under drought stress, and conversely this does not lead to increases in Spd or Spm levels in the wild-type.
ADC and SAMDC activities under drought stress. As shown in Figures 1 and 2 , drought stress induces an increase in the expression of ADC coding genes and accumulation of Put. To test whether ADC expression and Put content correlates with that SPDS1 is involved in the conversion of Put to Spd during the drought stress response. Interestingly, Put accumulation in spds1-2 overlapped with the accumulation of ADC1 and ADC2 transcripts (Fig. 1) , thus suggesting a correlation between ADC1 and ADC2 upregulation and Put levels. On the other hand, even though the expression of SPDS2 was increased after 2 days of treatment (Fig. 1) , the spds2-3 mutant did not show significant Put accumulation or reduced Spd levels (Fig. 2) . This observation suggests that SPDS2 has a very limited contribution to the Put to Spd conversion during drought. Therefore, our data is consistent with a prominent role of SPDS1 during dehydration. 28 A significant increase in Put levels was also observed in spms-2 mutant after 4 days of drought treatment. SPMS catalyzes the conversion of Spd to Spm, and is encoded by a unique gene in Arabidopsis. 16 Thus, accumulation of Put in spms-2 is likely due to an over-accumulation of Spm precursors (Put and Spd; Fig. 2) . Interestingly, although both adc1-3 and adc2-3 mutants showed much lower free Put concentration than wild-type plants in the absence of stress (day 0), Put content in adc1-3 and adc2-3 mutants reached similar levels as in wild-type after 2 days of drought treatment. This observation indicates that ADC1 and ADC2 genes act redundantly to maintain free Put levels similar to the wild-type during drought stress. However, we cannot dehydration period and showed an average value of 0.07 ± 0.01 pmol CO 2 ·h -1 ·gprot.
-1 Therefore, we concluded that SAMDC activity was not affected by drought treatment.
Polyamine oxidation during drought stress. PA oxidation by diamine oxidases (DAOs) and polyamine oxidases (PAOs) contributes to PA homeostasis. 18 Put is a known substrate for diamine oxidases (DAO), whose enzymatic reactions oxidize Put to 2,4-diaminopropane (Dap). DAO activities were measured by detection of radiolabelled [
14 C]-Dap derived from the oxidation of [
14 C]-Put. DAO activity was detectable in Arabidopsis and increased after 30 min of treatment, showing a maximum of three-fold increase after 1 h followed by a progressive reduction to basal levels (Fig. 3) . Our results suggest that Put oxidation by DAOs participates in a primary response to drought.
Our data provided evidence for the occurrence of a Put to Spm canalization under drought, which intriguingly does not lead to Spm accumulation but to a progressive reduction in Spm and Spd levels. We tested the hypothesis that an increased Spm catabolism by Spermine oxidase (SMO) would contribute to reduction of Spm and consequently Spd levels during drought stress. Since all PAO genes (AtPAO1-4) characterized so far in Arabidopsis are involved in the back-conversion of Spm to PA precursors, [20] [21] [22] . Thus, although Arabidopsis has SMO activity, it is unlikely that the terminal catabolism of Spm is responsible for a progressive reduction of Spd and Spm pools, since SMO activity stays constant during drought stress. In Arabidopsis, PAOs AtPAO2 and AtPAO3 are known to be involved in the back-conversion of Spm to Put via Spd. [20] [21] [22] The expression of AtPAO2 and AtPAO3 is induced by ABA treatment, 20 which suggests a potential role in the PA back-conversion pathway during drought. According to Takahashi et al. 22 the expression of AtPAO2 is much higher than AtPAO3 in all tissues tested. Therefore, we analyzed transcript levels of AtPAO2 to assess its potential contribution to regulation of PA back-conversion and PA homeostasis during drought stress. As shown in Figure 1 , AtPAO2 is upregulated and shows a similar expression kinetics as the ABA-inducible RD29A and RD22 genes during drought stress. Hence, our results support an active ADC activity, we monitored the decarboxylation of Arg by measuring the release of radiolabeled CO 2 from [ 14 C]-Arg during 24 h. As shown in Figure 3 , an increase in ADC activity could be detected after 2 h of drought treatment and reached a maximum of 10-fold increase after 24 h of drought exposure. These results indicate that ADC expression correlates with its enzymatic activity and the accumulation of Put under drought stress.
Transcription of SAMDC1, whose enzyme catalyzes the decarboxylation of SAM to dcSAM required for Spd and Spm biosynthesis, showed more moderate but still significant increase under drought stress (Fig. 1) . Hence we tested whether changes in SAMDC activity could also be observed during drought acclimation by measuring the release of radiolabeled CO 2 from the decarboxylation of [ 14 C]-SAM by SAMDC. As shown in Figure 3 , SAMDC activity did not differ significantly during the PA homeostasis limits the identification of PA fluxes during the stress response by analyzing PA titers, because some of the PA intermediates might not accumulate. In this regard, Panicot et al. reported the occurrence of a PA metabolon constituted by the aminopropyltransferases SPDS1, SPDS2 and SPMS, which would allow an efficient canalization of Put to Spm. In this work, we provide evidence that such canalization indeed occurs during drought stress in Arabidopsis. The PA biosynthetic mutants spds1-2 and spms-2 show higher accumulation of PA precursors (Put and Spd) during drought treatment. By contrast, the spds2-3 mutant does not show accumulation of Put, which is consistent with a prominent role of SPDS1 in the drought response. 28 Most of the PA biosynthetic genes follow an expression kinetics similar to the ABA-inducible RD29A and RD22 genes (Fig. 1) . 25 Thus, our results are in agreement with a prominent role of ABA in controlling transcription of genes implicated in PA biosynthesis during drought stress. 28 An exception is the gene ACL5, which does not follow such ABA response kinetics. ACL5 does not interact either with other components (SPDS1, SPDS2 and SPMS) of the PA metabolon. Therefore, it is likely that ACL5 does not participate in a potential Put to tSpm canalization process. 16 Although Put to Spm canalization occurs during drought stress, Spm levels do not increase but rather are progressively reduced during the dehydration period (Fig. 2) . We hypothesized that an enhanced terminal catabolism by Spm oxidation (SMO) to 1,3-diaminopropane and 1,5-diazabicyclononane could contribute to reduced Spm levels during dehydration. However, we did not detect significant changes in SMO activities under dehydration conditions (Fig. 3) . This indicates that higher Spm oxidation is unlikely a reason for reduction of Spm levels during drought in Arabidopsis.
A number of PAOs have been implicated in the PA back-conversion pathway in Arabidopsis and, unlike in mammals, plant PAOs do not use acetylated derivatives. 21 AtPAO2 catalyzes the back-conversion of Spm to Put and, interestingly, its expression is role of the back-conversion pathway during dehydration, which could explain the absence of Spm accumulation even in the presence of a strong Put to Spm metabolic canalization.
Deoxyhypusine synthase expression during drought. Spd is required for the NAD-dependent formation of deoxyhypusine in the eukaryotic translation initiation factor 5A (eIF-5A), which is catalyzed by the deoxyhypusine synthase enzyme DHS. 31 eIF-5A is highly conserved and an essential protein in all organisms from archaebacteria to mammals. 32, 33 To examine whether deoxyhypusination would also contribute to a reduction in Spd levels, we have followed transcriptional response of DHS during drought acclimation in Arabidopsis. Interestingly, transcript levels of DHS followed the same kinetics of upregulation as as those of ABA-inducible RD29A and RD22 genes during drought stress (Fig. 1) . These results suggested activation of deoxyhypusination, which might contribute to Spd consumption during drought.
PA levels in C. plantagineum under drought stress. To compare the regulation of PA homeostasis of Arabidopsis to a desiccation tolerant species, the levels of free Put, Spd and Spm were analyzed in Craterostigma plantagineum plants exposed to drought stress for 4 days. As shown in Figure 4 , the levels of free Spd and Spm progressively increased up to 3-fold and 8-fold, respectively, during 96 h of drought treatment. Remarkably, a gradual decrease in Put levels accompanied Spd and Spm increases during the first 24 hours of drought treatment. However, a 2.3-fold increase in Put content could be observed after 96 h of treatment. The early drought adaptation response in C. plantagineum thus implies a stimulation of Spd and Spm biosynthesis with concomitant reduction of Put precursor levels. These observations also suggest the occurrence of a Put to Spm canalization in C. plantagineum that conversely to Arabidopsis, leads to a significant 8-fold accumulation of Spm levels which correlate with drought tolerance traits.
Discussion
Changes in PA levels occur in response to a variety of abiotic stresses. [7] [8] [9] [10] [11] Arabidopsis thaliana is the only plant species, in which a full functional compilation of the PA biosynthetic pathway has been achieved. 4 Genetic and genomic studies performed in Arabidopsis support a prominent role of PA biosynthetic pathway in stress responses and have provided a major advance in our understanding of PA functions PA homeostasis is a dynamic process, which involves sequential biosynthesis of Put, Spd and Spm, as well as the terminal catabolism of Put and Spd/Spm by DAO and PAO activities respectively, and back-conversion of Spm to Spd and Put. 7, 9 The complexity in the regulation of 
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osmotic stress induces higher Spd and Spm titers in drought tolerant wheat cultivars (Yumai No. 18) than in the drought-sensitive ones (Yangmai No. 9 cv). 41 Also, inhibition of SAMDC activity by methylglyoxal-bis-(guanyl-hydrazone) aggravated the osmotic stress induced injury in wheat. 41 In vetiver grass exposed to moderate osmotic stress conditions, an increase in free and conjugated Spd and Spm levels in leaves correlated with plant survival. 42 In drought tolerant gravepine cultivars, the levels of Put and Spd are significantly increased after drought treatment compared to drought sensitive ones. Drought tolerance also correlated with a differential increase in ABA levels between cultivars. 43 In Theobroma cacao, ABA and drought stress induced the expression of TcODC, TcADC and TcSAMDC, and increased Spd and Spm levels which correlated with changes in stomatal conductance. 44 In rice, drought stress induced ADC, SAMDC and SPDS activities together with an increase in Put, Spd and Spm contents which correlated with yield ratios. 45 Also in rice, the overexpression of Datura stramonium SAMDC lead to an increase in Spm which facilitated the recovery from drought. 46 On the other hand, the overexpression of the Datura stramonium ADC in this species lead to higher levels of Put, Spd and Spm, together with an enhanced drought tolerance. 47 In pear, overexpression of the apple SPDS lead to increased Spd and Spm titers which correlated with an improved tolerance to osmotic stress. 48 In Arabidopsis, very high Put levels induced by genetic engineering were sufficient to promote tolerance to drought stress 49 whereas the spms/acl5 double mutant showed enhanced susceptibility to drought, which could be rescued by exogenous application of Spm. 50, 51 In tomato and other species, high PA levels also correlate with stress tolerance and enhance fruit quality traits. [52] [53] [54] Overall, evidences point to a requirement of Spd/Spm for a proper dehydration response, consistent with the occurrence of an evolutionary conserved Put to Spm canalization process.
Alternative mechanisms to PA back-conversion, which may contribute to the decrease of free Spd levels in response to drought involve the activation of deoxyhypusination, as suggested in this work (Fig. 1) . In addition to their free forms, PAs also occur in plants in conjugates with hydroxycinnamic acids which are referred to as hydroxycinnamic acid amides (HCCAs). 7 A gene encoding a Spd hydroxycinnamoyl transferase (SHT) has recently been characterized and suggested to participate in the formation of tricoumaroyl-, tricaffeoyl-and triferuloyl-Spd in the tapetum of Arabidopsis anthers. 55 Nonetheless, further studies are necessary to evaluate possible roles of HCCAs in the control of PA homeostasis in response to stress.
Materials and Methods
Plant growth and drought stress treatments. Seeds were sown in 7 x 7 cm pots containing a mixture of soil and vermiculite [3:1 (v/v)] and stratified in the dark at 4°C for 72-96 h. Arabidopsis upregulated by drought stress in a similar fashion as RD29A and RD22 (Fig. 1) . A number of other AtPAO genes were shown to be upregulated by ABA treatment. 20 Previous observations and our results support a role for the PA back-conversion in the drought stress response. Coupling Put to Spm canalization with the backconversion pathway would complete an effective PA recyclingloop. Each step in the PA back-conversion pathway releases one molecule of H 2 O 2 , which may contribute to ROS signaling. Remarkably, ROS signaling is tightly linked to the control of PA homeostasis and ABA-mediated stress responses, in which PAs participate. 18, 34 Stomatal closure is one of such ABA-mediated physiological responses to drought, which is tightly linked to ROS signaling and NO production. 35, 36 Apoplastic amino oxidases are sources of ROS production 18 and ABA activates Put catabolism and H 2 O 2 production during stomatal closure in Vicia faba guard cells. 37 PAs are reported to promote the production of NO in this species 38 and regulate stomatal responses by reducing their aperture and inducing closure. 37, 39 Notably, Put oxidation by DAOs is also increased during the early stages of drought treatment in Arabidopsis (Fig. 3) . This observation also supports a model which predicts that a PA recycling-loop occurring under drought stress serves as amplification of ROS signaling by recurrent generation of H 2 O 2 that may contribute to ROS-mediated drought stress responses. 40 The study of the differences in drought tolerance between species allows the identification of molecular mechanisms underlying such variations. In this regard, the levels of free Put, Spd and particularly Spm at the end of the drought treatment were much higher in the desiccation tolerant C. plantagineum than in Arabidopsis. This is consistent with previous reports showing a correlation between PA levels and stress tolerance traits in different species. 7 The high Spm titers observed in C. plantagineum after 4 days of drought treatment are in agreement with the occurrence of a conserved Put to Spm metabolic canalization in this species. Hence, it is likely that Put to Spm metabolic fluxes are evolutionary conserved mechanisms between desiccation tolerant and intolerant species, whereas tolerance traits correlate with the capacity of the plant to adapt to high Spd/Spm titers. Indeed, it has been reported that the precise positions of the T-DNA insertion. Homozygous plants were identified by PCR and confirmed by segregation analyses in MSAR plates containing hygromicin 15 mg/l to select for the T-DNA encoded antibiotic resistance marker. All heterozygous mutants showed 3:1 segregation on selection media consistent with the occurrence of single T-DNA insertions. RT-PCR expression analyses of SPDS2 and SPMS were performed with primers sets previously described in reference 28. Primers for SPDS1 RT-PCR analysis were: 5'-GTT CCA ACA TAC CCC AG and 5'-TGC TGG AGC TCT CGT CAA TTG GG. Measurement of ADC, SAMDC, DAO and SMO activities. Measurement of ADC, SAMDC, DAO and SMO activities were performed in 4-week-old plants exposed to drought conditions for 24 h as described in Alcázar et al. 28 ADC, SAMDC and DAO activities were determined as previously described in reference 58-60. SMO enzyme activity measurements performed as follows: 500 mg leaf tissue per sample was frozen in liquid nitrogen and homogenized in 5 ml of extraction buffer containing 100 mM sodium phosphate buffer (pH 70), 5 mM 2-mercaptoethanol and plant protease inhibitor cocktail (Sigma). Extracts were centrifuged at 13,000 rpm at 4°C for 15 min and supernatants used for measurement of SMO activities. Equal loads of total protein extracts quantified by Bradford were mixed in technical triplicates with 0.2 μCi of a 1:5 dilution of [ 14 C] Spermine tetrahydrochloride (Amersham) in 5 mM Spm. SMO reactions were performed for 30 min at 37°C and stopped by addition of 100 μl 20% sodium carbonate. Radiolabelled 1,5-diazabicylononane was extracted by addition of 900 μl of toluene to each sample followed by mixing and centrifugation at 12,000 rpm at room temperature. 400 μl of toluene was recovered and mixed with 3 ml of scintillation cocktail. Radioactivity (dpm) of each replicate was measured for 10 min in a Packard 1,500 scintillation counter. All measurements were performed with three independent biological triplicates per time point of analysis.
